Background: Sevoflurane, with its low pungency and low blood and tissue solubility, is an attractive anaesthetic in paediatric outpatient surgery. Propofol-anaesthesia is recognised for its rapid and clear-headed emergence. This study was designed to compare emergence and recovery characteristics of sevoflurane and propofol anaesthesia for tonsillectomy in children. Methods: Children aged 3-10 years, undergoing elective tonsillectomy, were randomly assigned to receive propofol (nΩ25, induction with 3 mg ¡ kg ª1 , maintenance with 100-250 mg ¡ kg ª1 ¡ min ª1 ) or sevoflurane anaesthesia (nΩ25, induction 7 vol.%, maintenance 2-3 vol.%). Tracheal intubation was performed with alfentanil 20 mg ¡ kg ª1 and atracurium 0.5 mg ¡ kg ª1 . Ventilation was controlled to maintain normocapnia and all patients received N 2 O/O 2 (60:40 vol.%) for induction and maintenance of anaesthesia. At the end of surgery infiltration of the operative sites with bupivacaine 2 mg ¡ kg ª1 was provided for postoperative analgesia. Emergence, recovery, discharge times, and incidence of side effects were compared between the two groups.
T WO OF THE important goals of anaesthesia for paediatric outpatient surgery are fast emergence and short recovery with a low incidence of postoperative side effects permitting a rapid and safe discharge (1) . Propofol has gained popularity because of its ideal anaesthetic characteristics of smooth and rapid recovery profile with few postoperative side effects (2) . Sevoflurane with its low blood and tissue solubility resulting in rapid elimination represents an alternative to propofol for outpatient anaesthesia (3, 4) . Recent reports suggest that, compared with halothane, sevoflurane may be associated with a higher incidence of postoperative agitation and restlessness (5) . We designed this randomised trial to compare the quality of the anaesthetic emergence after sevoflurane or propofol anaesthesia in children undergoing tonsillectomy.
Methods
After obtaining approval of the hospital Ethics Committee, and informed written consent from parents, 50 healthy children (ASA I or II) undergoing elective tonsillectomy were included in the study.
Results: Time to extubation (14 vs 15 min), time to response to simple verbal command (21 vs 21 min) and time to discharge from the recovery room (45 vs 50 min) were similar in the sevoflurane and propofol groups, respectively. There was a significantly greater incidence of postoperative agitation in the sevoflurane group (46%) compared with the propofol group (9%) (PΩ0.008). This did not, however, delay discharge from the recovery room. The incidence of nausea and vomiting was not significantly different (8% vs 0%; PΩ0.49).
Conclusion:
In children, recovery from anaesthesia with sevoflurane results in a higher incidence of agitation compared with propofol.
c Acta Anaesthesiologica Scandinavica 44 (2000) All children were admitted on the morning of surgery. No premedication was given. EMLA
A cream was applied on both hands one hour before the call to the operating room to facilitate intravenous line insertion before induction of anaesthesia. Children who were screaming before arrival in the operating room were excluded from the study. Monitoring consisted of ECG, non-invasive blood pressure, pulse oximetry, peripheral nerve stimulator and rectal temperature. Inspiratory nitrous oxide and oxygen concentrations together with end-tidal sevoflurane and carbon dioxide concentrations were continuously monitored using a calibrated Datex Capnomac Ultima monitor (Datex, Helsinki, Finland). Normal saline in 5% dextrose at the rate of 4 ml ¡ kg ª1 ¡ h ª1 was administered during the perioperative period.
A random numbers table was used to assign children to receive either propofol (group P) or sevoflurane anaesthesia (group S). In group P, anaesthesia was induced with a bolus injection of 3 mg ¡ kg ª1 of propofol, and maintained with a propofol infusion of 100-250 mg ¡ kg ª1 ¡ min ª1 . In group S, anaesthesia was induced and maintained with sevoflurane 7 vol.% and 2-3 vol.%, respectively. Intubation was fa-cilitated by atracurium 0.5 mg ¡ kg ª1 and alfentanil 20 mg ¡ kg ª1 . All patients were ventilated with N 2 O/O 2 (60:40) to maintain normocapnia. The incidence of side effects during induction (eg. coughing, breathholding, laryngospasm, pain on propofol injection) was recorded. After intubation acetaminophen 20 mg ¡ kg ª1 and ibuprofen 10 mg ¡ kg ª1 suppositories were administered in all children. The sevoflurane concentration or propofol infusion rate were adjusted in order to maintain adequate anaesthesia as judged by the anaesthesiologist from blood pressure, heartrate readings and clinical signs. At the completion of surgery, the operative site was infiltrated with bupivacaine 0.25% up to 2 mg ¡ kg ª1 for postoperative analgesia. Neuromuscular blockade was assessed for residual curarisation and, if present, was antagonised with neostigmine 40 mg ¡ kg ª1 and glycopyrrolate 10 mg ¡ kg ª1 . Thereafter, anaesthetic agents were discontinued and the patient was placed in the lateral decubitus position. The trachea was extubated when the gag reflex had returned and the patients were breathing spontaneously and showing purposeful movement of all extremities and opened the eyes. After extubation, children were transferred to the recovery room. In the recovery unit, all children were given oxygen by facemask. Heart rate, non-invasive blood pressure and respiratory rate were recorded.
The following time intervals were recorded: time of anaesthesia (from the start of induction to end of surgery); time to extubation (from the end of anaesthesia to extubation); time between the end of anaesthesia and the first adequate response to a simple verbal command; time spent in the recovery room. The incidence of adverse events such as nausea, vomiting, laryngospasm and bronchospasm were noted and scored as follow: 1Ωmild, 2Ωmoderate, 3Ω severe. Pain was evaluated on a 10-cm visual analogue scale.
The assessment of postoperative agitation was made using a four-point scale based on that of Aono et al. (7): 1Ωcalm; 2Ωnot calm but could be easily calmed; 3Ωmoderately agitated or restless; 4Ωcomba-tive, excited or disoriented. Grades 1 and 2 were considered nonproblematic behaviour, and grades 3 and 4 were considered to indicate agitation.
This agitation (grade 3 or 4) was treated with a bolus of nalbuphine 0.1 mg ¡ kg ª1 iv. The criteria for discharge from the recovery area included being fully awake, able to cough or breath deeply, moving all limbs voluntarily and maintaining an oxygen saturation greater than 93% in air.
All observations and measurements were recorded by an independent anaesthesiologist who was blinded to the anaesthetic given.
Age, weight, height, and duration of surgery were compared between the two groups using one-way analysis of variance (ANOVA). All time data are reported as mean, median and range and were compared with the Mann-Whitney test. The incidence of side effects was analysed by the Fisher's exact test. A P value of Ͻ0.05 was considered to be statistically significant. The sample size required for a statistically significant difference in the incidence of agitation with sevoflurane compared with propofol was 25 patients in both groups (for a level of significance of 0.05 and a power of 0.80). This estimate was based on a pilot study where we had observed 40% higher incidence of emergence agitation in children anaesthetised with sevoflurane compared with propofol.
Results
Of the 50 patients enrolled in the study, two children were excluded because of postoperative bleeding and two others because of missing data. Thus, data from 24 children receiving sevoflurane and 22 children receiving propofol were analysed.
The demographic data are shown in Table 1 . No significant differences were found between the two groups in age, weight, height, sex ratio and ASA physical status. Anaesthesia and surgical times were similar in both groups (Table 2) . In all cases, the intravenous line insertion was uneventful, and the induction was calm and easy without excitation. In the propofol group, no children presented pain on propofol injection (alfentanil was given before propofol administration). At the end of the surgical intervention none of the children needed reversal of residual neuromuscular blockade.
There were no statistical differences in the time to extubation (14 vs 15 min), time to response to simple verbal command (21 vs 21 min) and time to discharge (45 vs 50 min) between the sevoflurane and propofol groups respectively (Table 3) .
Adverse events during early and intermediate recovery are summarised in Table 4 . The incidence of postoperative agitation, defined by a grade 3 or 4 in the four-point scale, was higher in the sevoflurane group (46%) as compared to the propofol group (9%) (PΩ0.008). In all cases the administration of nalbuphine 0.1 mg ¡ kg ª1 was sufficient to calm the agitation. This phenomenon did not delay discharge from the recovery room. In the recovery room, the incidence of postoperative nausea and vomiting was similar in both groups (Table 3) . Neither laryngospasm nor bronchospasm was observed. No major complications were observed in any patient at any time during the study period (including severe hypotension, prolonged bradycardia, prolonged oxygen desaturation).
Discussion
The main finding of this study was that the incidence of emergence agitation in the immediate recovery 309 period was greater in children undergoing sevoflurane anaesthesia compared with those undergoing propofol anaesthesia.
The most frequently reported causes of emergence agitation are hypoxaemia, pain, anxiety, hypoglycaemia, hyponatraemia, and residual drug effects (ketamine, droperidol, scopolamine, atropine) (6). We did not record any episode of oxygen desaturation and each patient received a sodium and glucose containing fluid infusion.
Postoperative analgesia was attempted by infiltration of the peritonsillar fossa by local anaesthetic at the end of surgery and rectal administration of analgesics. Postoperative pain can be difficult to quantify in children and may mimic the sign of emergence agitation. Nalbuphine, a mixed agonist/antagonist with greater sedation relative to analgesia potency, seemed useful to treat emergence delirium in our children. It is possible that the peritonsillar infiltration and the administration of non-steroidal anti-inflammatory drugs were not sufficient in relieving pain during the first hours after surgery. However with the same pain prevention we found a significantly higher incidence of agitation in the sevoflurane group.
Age and psychological maturity can also affect emergence agitation. In children, a rapid emergence in an unfamiliar environment may create apprehension and fear. Aono et al. (7) found a greater incidence of delirium in pre-school boys compared to older children. We did not find any correlation between age and the incidence of delirium.
Intravascular absorption of bupivacaine reaching toxic levels after infiltration of the operative site may explain excitation (8). We did not measure blood concentrations of bupivacaine, but as infiltration was used in all patients the higher incidence in the sevoflurane group cannot reasonably be explained by such a mechanism.
Some studies have reported a greater incidence of nausea and vomiting after sevoflurane anaesthesia compared to propofol anaesthesia (9, 10) . In agreement with the results of Jellish et al. (11), we did not find any differences in postoperative nausea or vomiting between the sevoflurane and propofol groups.
The incidence of induction events such as coughing, laryngospasm, breath-holding and agitation is greater with inhalation induction than with intravenous induction. In our study, none of the children suffered any excitation during sevoflurane induction that could possibly contribute to the emergence agitation. Naito et al. (12) compared emergence after sevoflurane and halothane anaesthesia in children, and described a greater incidence of restlessness and agi-tation in children anaesthetised with sevoflurane. The reason for this remains unclear. A central nervous system excitatory effect of sevoflurane has been proposed (3). Epileptiform activity in association with sevoflurane has been previously reported, but the cases observed were during induction of anaesthesia (13) . Induction using sevoflurane without nitrous oxide is associated with a high incidence of patient agitation compared to induction using sevoflurane with nitrous oxide (35% vs 5% respectively) (14) . The precise action or modulation of the volatile anaesthetic agents on receptors or neurotransmitters in the central nervous system is not completely elucidated and the aetiology of these excitatory events (epileptiform activity, myoclonus, dystonia, tremor) has yet to be resolved.
In summary, we conclude that in paediatric patients sevoflurane anaesthesia results in a higher incidence of emergence agitation than propofol anaesthesia. This side effect observed after sevoflurane anaesthesia was not prevented by the chosen combination of rectal acetaminophen and ibuprofen immediately before surgery, and infiltration of the operative sites with bupivacaine after surgery.
